, le sexe féminin (OR ajusté = 1,43 (1,83)), ne pas être marié (OR ajusté = 1,63 (1, 15) 
Position du problème : Durant la canicule du mois d'août 2003 en France, on a enregistré environ 15 000 décès en excès. La ville de Paris a été très affectée, avec une augmentation des décès de 141 %. Cette étude a deux objectifs : identifier les facteurs individuels associés à la surmortalité en période caniculaire dans un environnement urbain et décrire la répartition spatiale des décès à Paris. Méthodes : La population d'étude comprenait toutes les personnes décédées à domicile à Paris entre le 1 er et le 20 août 2003 (N = 961). Les facteurs associés au risque de décès en excès ont été analysé en comparant les caractéristiques socio-démographiques de la population d'étude avec celles des personnes décédées à domicile durant la même période pendant des années de référence
(N = 530). Les différences spatiales ont été analysées en calculant la distribution des taux comparatifs 1 (1, 90) , le sexe féminin (OR ajusté = 1,43 (1, 83) ), ne pas être marié (OR ajusté = 1,63 (1, 15) , a large excess mortality has been reported with almost 14,800 excess deaths registered for whole of France [2] . Excess deaths were heterogeneously distributed over the country and the excess mortality rate was the highest in the Ile-de-France region, reaching almost 134% as compared to the three previous years. With 4,867 excess deaths, Ile-deFrance accounted for one third (33%) of all excess deaths in France, the city of Paris itself accounting for almost 7.2% of excess deaths (1,067 excess deaths) [2] , despite housing only 3.7% of the French population 3 .
In their report, Hémon and Jougla [2] identified several factors associated with excess deaths, including sex, age, degree of urbanisation and duration of exposure to high temperatures. The environment, and particularly the description of locations according to degree of urbanisation, proved to have a major effect: the excess death rate varied from 36% in rural communities to almost 141% in Paris [2] .
This study had two aims: to identify individual factors associated with an excess death rate during a heat wave in an urban area and to describe spatial differences in excess deaths within the French capital, at the scale of the " arrondissement " 4 .
MATERIALS AND METHODS
Mortality data concern deaths registered during the August 2003 heat wave and during the same period of the three preceding years (2000, 2001 and 2002 studied factor and excess death was quantified by calculating odds ratios (OR). The two groups of individuals were first compared by univariate methods, then by a logistic regression model including all sociodemographic variables. We stratified for sex to determine with more details the role of the variable "marital status" in the various categories of the population. These analyses were performed with Stata 8.0 ™ software.
Analysis of spatial differences in excess death rates in Paris was based on two indicators, describing spatial variation of mortality by arrondissement and between 2003 and the reference years. The first indicator, the standardized mortality ratio (SMR), is the ratio of the number of observed deaths to the number of expected deaths for the arrondissement concerned, calculated by applying indirect standardisation method to sex and age (the population of Paris is the reference population and the mortality rates according to age and sex are calculated on the deaths observed in 2003 and the 1999 census population). This method of standardisation, also known as indirect mortality standardisation, was preferred to the direct method because it is more robust for small samples [3] . SMRs, computed by adjusting the population for age and sex in each arrondissement, demonstrated spatial variations independent of population structure. Variations in mortality were assessed by the analysis of differences from 1, the reference value corresponding to a homogeneous spatial mortality distribution. A significance test for the SMR [4] was carried out with an alpha error risk of 5%. The second indicator used in analysis, the mortality ratio, is the ratio of the number of observed deaths (O) to the number of expected deaths (E), provided by the average of the number of deaths observed in the reference years (2000/ 2001/2002 ). This method can be used to determine the number of excess deaths -the increase in the number of deaths with respect to reference situation in the absence of a heat wave.
Maps were produced with Philcarto © software (version 4.36). A smoothing technique was used: for each spatial unit, the average of the indicators value in this unit and the values for immediately contiguous units (contiguity order 1) was computed and represented. This method emphasizes the mortality and over-mortality spatial structures in Paris [5] . The interquartile discretisation method (Q6) used to represent the two indicators results ensured that all maps were comparable [6] . , displayed significant excess mortality (SMR>1). Graphical representation of the data shows a gradient of excess deaths increasing from the North-West to the South-East (fig. 1) .
RESULTS

Between
In reference years, smaller differences in SMRs were observed between arrondissements: values ranged from 0.56 (0.06-2.04) to 1.52 (0.94-2.33). None of the mortality rates of single arrondissements differed from the mean for Paris (i.e. none differed significantly from 1). However, the weakest SMR was observed in the 15 th arrondissement (p=0.11) and the highest in the 20 th arrondissement (p=0.07). The graphical representation of these data showed a gradient of mortality with relatively few deaths in the South-West of the capital and a zone of excess deaths in the North-East (fig. 2 fig. 3 ) .
DISCUSSION
The summer 2003 heat wave affected several countries in Europe and, in France, caused a public health catastrophe unprecedented in peacetime [2] . Paris was severely affected. In this study, we identified the sociodemographic factors associated with excess mortality in an urban envi- This study is original in that it attempts to identify individual and contextual factors specifically associated with excess mortality, as opposed to overall mortality. This aim led us to compare the population of individuals dying during the heat wave with those dying during a reference period. The study focused on deaths occurring between August 1 st and 20 th 2003, the time interval over which excess deaths were recorded; after August 19 th , mortality levels decreased to normal levels [2] .
The method used for the computation of excess mortality (O/E) was selected based on the conclusions of the Hémon-Jougla report, which described this method as the most reliable for the quantification of excess mortality associated with heat waves [2] . This method assumes that Parisian population was stable between 2000 and 2003, both demographically and in terms of general health. The stability of deceased people was verified for Paris: there was no significant difference in the distribution by age, sex, marital status, nationality and activity status between the people who died in 2000, 2001 and 2002, considered as the reference years.
In this study, we first analysed the association between sociodemographic factors and excess deaths at home. The role of advanced age -already demonstrated in previous studies [7] -was confirmed in this study. Female gender also seemed to be strongly associated with risk of excess mortality during a heat wave. The effect of sex on mortality rates during heat waves remains unclear. More excess deaths have been reported among women in recent heat waves in Europe [8] , whereas excess deaths among men were reported during a heat wave in Chicago in 1995 [9] . A British group recently demonstrated a higher risk of death among women during winter periods than in other periods of the year [10] . An apparently poorer adaptation of women to extreme variations in temperature requires confirmation. Not being married (marital status) was identified as a major risk factor of excess mortality in Paris. This characteristic constituted only an approximation of living alone. In studies performed during the 1995 and 1999 heat waves in Chicago, living alone was also mentioned as a risk factor for mortality [11, 12] . Despite different designs, these two studies, as ours, underline the role of social isolation as a major risk factor of excess death during heat waves.
The proportion of the deceased in 2003 who were not of French nationality was lower than that in the reference years. The finding that being a foreigner protects against the excess risk of death during a heat wave requires confirmation in other studies because of the small size of the group of foreign people especially for the reference years. However, it may be that foreign communities display greater solidarity towards the elderly than the native French population [13] .
In the analysis of individual risk factors, health condition of the deceased at the time of death is not taken into account and could be regarded as one of the limitations of this study. In particular, there is no consideration of their level of dependence, their morbidity, their consumption of drugs and the medical causes of their death, or of individual environmental factors (air conditioning, accommodation at the top of a building, exposure of the building, presence or absence of shutters). The case-control study carried out by the Institut de Veille Sanitaire on risk factors of the elderly living at home during the 2003 heat wave showed that the risk of death was significantly increased for the dependent people, those who had cardiovascular or neurological pathologies and those living on the last floor [14] . The longitudinal mortality gradient observed in the reference years constitutes a classic situation which has been described for Ile-de-France as a whole. Two studies carried out at the canton scale -one on deaths in the period 1988-1992 [3] and the other on deaths in the period 1996-1999 [15] -reported similar gradients opposing the South-West of the region (low mortality) with the North-East (high levels of excess mortality with respect to the national average). Despite the absence of significant differences between the reference years SMRs, these former results enable us to affirm the spatial tendency observed in Paris during this time corresponds to a real situation with a growing gradient of mortality from the South-West to the NorthEast. No such spatial organisation was observed in previous studies carried out during heat waves, particularly in the USA. In several American towns, including New York and Saint Louis, a centre-periphery gradient has been reported, with much higher levels of mortality in central quarters [16] . This excess mortality, strongly related to housing conditions (old, degraded, insalubrious etc.), also appears to be strongly correlated with socio-economic level of the population, as shown by Klinenberg in Chicago [17] . This spatial structure reflects the socio-economic organisation of American towns, which frequently follows the centre-periphery model. It is not necessarily relevant to European conurbations, which tend to have a more complex spatial organisation. Although the spatial organisation of mortality in reference years differs in Paris and American cities, it is nonetheless based on the socio-economic organisation of the town. The South-West/NorthEast gradient observed during the reference years coincides with the socio-economic gradient characterised by economically favoured zones in the West and the most deprived zones in the North-East [18] . In 2003, despite a concentration of excess deaths in the South, the persistence of a longitudinal trend (from West to East) in mortality gradient suggests that socioeconomic factors continued to have a major influence. The (case-control) study carried out by the Institut de Veille Sanitaire showed also that the low social status represented by the social and professional category was an important individual risk factor of death during the August 2003 heat wave [14] . Socio-economic factors do not constitute only individual risk factors. Their influence can also be contextual: many studies have reported a strong correlation between socio-economic levels of the residence zone of and mortality [19] . However, they probably played a different role during the heat wave, given change in characteristics of people dying. Socio-economic factors may also be closely related to other factors, such as pollution levels (for ozone in particular), or variations in temperature in urban areas (the urban heat island effect), which have already been shown to have an effect during heat waves [20, 21, 22] . Our first results of the ecological analysis confirm the important, but different, role of the socioeconomic factors during the heat wave and their narrow combination with environmental factors. Moreover, to investigate both contextual and individual risk factors of excess death, we conducted multilevel analysis with geographical nested data at different scales in the town. Once more, these assumptions seem to be confirmed.
CONCLUSION
During August 2003 heat wave, Paris was the place of a large number of excess deaths at home. Spatial distribution of these excess deaths generated a new map of the capital, suggesting that the heat wave did not simply lead to a temporary increase in mortality. Instead, it seems to have led to changes in the characteristics of dying people. The main individual factors associated with the excess risk of death at home during a heat wave in an urban area were being over the age of 75 years, being female and living alone. These findings reveal two levels of risk -individual and contextual -both of which must be taken into account to understand the effects of a heat wave on mortality and its prevention.
